Objective To determine the effects of a 12-week qigong and aerobic exercise program on the physical well-being of relatively healthy elderly Japanese women. Methods In the first study, 72 elderly Japanese women who were relatively healthy and naive to qigong completed the 12-week qigong and aerobic exercise program. Physical function, body composition, and abdominal fat were evaluated. In the second study, we examined the effects of qigong alone on physical function. Twenty-nine participants in each of two groups (divided according to their residences) underwent a 12-week program: qigong and aerobic exercise (residents in Yura Town) or qigong exercise alone (residents in Mihama Town). Results In the first study, physical function including lung capacity, trunk bending, normal walking for 30 m, and rising from a supine position significantly improved after the 12-week program. In addition, body fat diminished significantly during the program. In the second study, both exercise programs (''qigong and aerobic'' and ''qigong alone'') similarly increased walking speed (normal and maximum walking) and rising speed. Conclusions The findings of this exploratory study demonstrated that a 12-week qigong and aerobic exercise program was associated with improvements in physical function and a reduction in body fat. The qigong exercise program alone positively influenced physical function. The qigong program appears to be an appealing means of improving the physical health of elderly persons.
Introduction
Qigong (che-gong), a traditional Asian training method, combines aerobic, isometric, and isotonic elements with meditation and relaxation. The physiological and psychosomatic effects of static training in the qigong program have been studied; specifically, ''Qi'' flows in certain directions and is dependent on deep breathing, posture, and meditation [1] [2] [3] [4] [5] [6] [7] . There is evidence to suggest that qigong is useful for the treatment of psychosomatic and stress-related disorders [1, 2] . Furthermore, qigong has been shown to effectively reduce blood pressure and catecholamine levels in patients with essential hypertension [3] . Other studies have shown that qigong modulates the secretion levels of thyroid hormones, parathyroid hormone, growth hormone, and testosterone in the elderly [4, 5] , and affects the profile of lymphocyte subsets in human peripheral blood [6] .
Unlike static qigong training, dynamic qigong training is characterized by slow whole-body performance with natural breathing and maintenance of full force. Floor 6-style qigong and Shaolin internal qigong are forms of dynamic qigong training; the former is based on six kinds of performance in a supine position, and the later is based on several kinds of performance, special postures, and motion in a standing position. Physiologically, Shaolin internal qigong reportedly improves respiratory efficiency in skilled subjects without affecting the heart rate or maximum oxygen uptake levels in both skilled and unskilled subjects [8] .
Physical activity programs improve functional status, health, and quality of life in the elderly [9] [10] [11] [12] [13] [14] [15] [16] . Moderateintensity exercise intervention can reduce the incidence of falls due to improved physical function in elderly Japanese women [9] . Higher than normal body fat is associated with obesity and abdominal fat. Trunk fat mass is a strong predictor of insulin resistance and dyslipidemia in postmenopausal women [17] . An enlarged waist combined with elevated triglycerides is a strong predictor of cardiovascular risk in postmenopausal women [18] . However, regular aerobic exercise such as brisk walking reduces body weight and body fat in overweight postmenopausal women [10] .
The majority of physical activity programs designed for the elderly are of limited intensity, ranging from low to moderate-intensity, to avoid the risk of musculoskeletal injury and cardiovascular problems [9] [10] [11] [12] [13] .
We hypothesized that an exercise program mainly composed of Floor 6-style qigong and Shaolin internal qigong would be safe and would improve physical health of the elderly because of the unique training style: slow whole-body performance with natural breathing and full force maintenance. To our knowledge, no published studies have examined the effects of the qigong exercise program on the physical health of the elderly.
In this exploratory study, we first examined whether a 12-week qigong and aerobic exercise program improves physical health in elderly Japanese women by focusing on physical function and body fat parameters that would be expected to demonstrate any positive effects [9, 10] of an exercise program in elderly subjects. Aging induces a decline in physiological status and a lack of response to various forms of training. Thus, the participants were divided by age into a 60-69 year group and a C70 year group.
In the first study, the exercise program demonstrated positive changes on physical health in the elderly women. However, it was unclear how much each exercise (''qigong'' or ''aerobic'') was associated with the positive changes during the 12-week program. Therefore, in the second study, we examined whether a 12-week program of qigong exercise alone would influence physical function in elderly Japanese women.
Methods

Subjects and qigong exercise programs
In the first study (in 2003) , elderly women between 60-86 years old living in Yura Town, Wakayama, Japan, who were relatively healthy and naive to qigong were recruited through advertisements at a fitness center (Aquo) and various public centers. Eligibility to participate in the study was determined by screening questionnaires and physical examination. Exclusion criteria included major medical illnesses and orthopedic problems that could hamper participation in a qigong and aerobic exercise program. Signed informed consent for the study was obtained from each subject. Eighty elderly women were recruited and five were excluded under the exclusion criteria above. Seventy-five participants were thus enrolled in the qigong and aerobic exercise program; 72 completed the 12-week course. Three enrollees discontinued for personal reasons, not related to physical condition, and their data were not included in the analysis.
Participants attended one 90-min qigong exercise program (45-min qigong exercise, a 20-min qigong lecture and rest, and an optional 25-min of walking in a swimming pool or ergometer exercise) each week, and were asked to complete a minimum of 20 min daily qigong practice at home except for the day of the group session (six times/week). Each group was instructed by well-trained qigong instructors. The program included a standard Floor 6-style qigong and Shaolin internal qigong. Floor 6-style qigong was performed in a supine position on a flat mat and included breathing impurity-out (deep breathing), breathing purity-in (pelvic off with deep breathing), and elevating buttocks, bending knees, rotating legs, and bending ankles activities. Shaolin internal qigong was preformed in a standing position on a flat mat and included Shaolin standing Zen, pushing eight horses forward, king holding-up a tripod, opening and closing arms, bow-shaped pose, and pushing eight horses forward with bow-shaped pose. The participants could choose any performances (postures) from Floor 6-style qigong and/or Shaolin internal qigong for their minimum of 20 min of daily qigong practice. They received detailed and illustrated instructions for home practice, and completed daily logs to monitor the frequency and duration of practice. The participants optionally performed walking in a swimming pool or an ergometer exercise in each class session. The intensities of the optional exercises were at comfortable levels for each participant.
Anthropometric measures
On the initial day of the 12-week exercise program, heights and weights of the participants were measured with a stadiometer and a calibrated balance scale. Body mass index (BMI) was calculated as weight divided by the square of height in meters (kg/m 2 ). The study participants underwent evaluations of physical functions, body composition (bone mineral content (BMC), body fat, soft tissue lean mass), and subcutaneous and visceral fat in divided subgroups (each subgroup: 10-15 participants) during the week before and the week after the 12-week exercise program.
Physical functions
The tests selected (lung capacity, reaction time, flexibility, walking ability, and balance) were based on previously reported findings [9, 19] , with some modifications. In brief, lung capacity (ml) was measured using a spirometer (Chestgraph Jr. HI-101; Chest Inc., Japan). Whole-body reaction was measured in seconds (s); the participant hopped from a board as soon as possible when the signal light was turned on. Duration of standing (s) using a preferred leg with open eyes was measured for stork stand. Trunk bending (cm) with maximal effort in the sitting position was measured as the distance between the finger tips and a fixed line on the table. Walking speed was measured by counting the time in seconds to walk a 30-m flat path at normal speed (normal walking for 30 m; s) or maximum speed (maximum walking for 30 m; s). Rising (s) represented the time in seconds that participants needed to stand upright from the supine position.
Body composition
Subtotal and regional body composition (bone mineral content, body fat, and soft tissue lean mass for trunk, arms, and legs) were determined by dual energy X-ray absorptiometry (DXA) using a Hologic QDR-4500A (software version 11.2; Hologic, Waltham, MA, USA). The standard procedures recommended by the manufacturer were followed to define trunk, arm, and leg regions.
Subcutaneous and visceral fat
Subcutaneous and visceral fat in the abdomen were measured using a Helical CT scan (Xvision SP; Toshiba, Japan). Subjects were asked to lie in the supine position with their arms above their head and their legs slightly bent. A single scan (10 mm) of the abdomen was taken at the level of the L4-L5 vertebrae and analyzed for the cross-sectional area of adipose tissue, which was then expressed in cm 2 . Areas were calculated by multiplying the number of pixels of a given tissue type by the pixel number (pixel density).
Second study
In the second study (in 2005) , elderly women between 64-71 years of age living in Yura and Mihama Towns, Wakayama, who were relatively healthy and naive to qigong were recruited in the same way as in the first study, including eligibility, exclusion criteria, and signed informed consent. Thirty elderly women were recruited (none was excluded) from each town. Participants were divided into two groups according to their residences: a qigong and aerobic group (residents in Yura Town) and a qigong group (residents in Mihama Town). The qigong and aerobic group enrolled in a 12-week qigong and aerobic exercise program that was the same as in the first study. However, optional aerobic exercise was not offered as an option for the qigong group (that is, qigong exercise was undertaken alone). In each group, 29 completed the 12-week course. Two enrollees (one in each group) discontinued for personal reasons, not related to physical condition, and their data were not included in the analysis. The second study participants underwent the same evaluations of physical functions (walking ability and rising) as those in the first study.
The studies (the first study and second study) were performed before the establishment of the Ethics Committee in Kitade hospital. Therefore the publication of results in the studies was approved by the Ethics Committee of Kitade hospital.
Statistical analysis
Data are presented as mean ± standard deviation (SD). Paired Wilcoxon tests were used for analyzing the effects before and after the 12-week exercise programs. Wilcoxon-Mann-Whitney tests were also used for evaluating the differences between the two age groups (''60-69 years'' and ''over 70 years'') or exercise programs (''qigong and aerobic'' and ''qigong alone'') at baseline or post-intervention. Two-way repeated-measures analysis of variance was used for evaluating the interaction between groups (''qigong and aerobic'' and ''qigong alone'') and time (''baseline'' and ''post'') in the second study. All data were analyzed using KaleidaGraph 3.6.4 software (Synergy Software, PA, USA). Statistical significance was stated for P values \0.05.
Results
First study
In the first study, 72 participants aged 60-86 years (70.9 ± 4.8) completed the study. The participants were divided by age into a 60-69 year group (67.0 ± 1.9, n = 35) and a C70 year group (74.3 ± 3.9, n = 37). The anthropometric features of the participants are listed in Table 1 . There were no significant differences in heights, weights, and BMIs between the two groups at baseline.
The 12-week qigong and aerobic exercise program significantly increased physical functions, as measured by lung capacity, stork stand, trunk bending, walking speed (normal walking for 30 m), and rising speed ( Table 2 ). The exercise program significantly decreased body composition parameters of fat mass in the trunk, legs, and subtotal body. The program also significantly increased lean soft tissue mass in the trunk and subtotal body, while it did not alter the BMC in the trunk, arms, legs, or subtotal body during the 12 weeks. The 12-week program significantly decreased subcutaneous fat, but not visceral fat, in the abdomen.
The C70 year group had significantly lower measurements for stork stand, maximum walking speed, rising speed, and BMC of arms, legs, and subtotal body than the 60-69 year group at baseline. The C70 year group had significantly lower lung capacity, maximum walking speed, and BMC of arms, legs, and subtotal body than the 60-69 year group at the post-intervention measurement. Unlike the 60-69 year group, the 12-week program did not significantly alter walking speed, fat mass in the trunk, lean soft tissue mass in the trunk and subtotal body, and subcutaneous fat of the abdomen in the C70 year group. It significantly increased stork stand in the C70 year group, but not in the 60-69 year group.
Second study
In the first study, the 12-week qigong and aerobic exercise program induced positive changes in the elderly women. We then performed the second study to examine whether a 12-week program of qigong exercise alone would positively influence physical function in elderly women. In this second study, we evaluated walking ability and rising, which are important for daily living activities in the elderly. There were no significant differences in ages, heights, weights, and BMIs (Table 3) , and in walking and rising speeds (Table 4) , between the two groups at baseline. Both exercise programs (''qigong and aerobic'' and ''qigong alone'') significantly increased walking speed (normal and maximum walking) and rising speed. There were no significant differences in walking and rising speeds between the two groups at post-intervention. There were no significant interactions between groups and time in the second study (Table 4) . Therefore, it was considered that at least the positive changes on physical function in the first study were associated with qigong exercise alone.
Discussion
The results of this exploratory study indicated that a 12-week qigong and aerobic exercise program was associated with improvements in physical function and a reduction of body fat in elderly Japanese women.
Tai Chi, a traditional Chinese physical exercise, is known to improve physical function and reduce the risk of falling in the elderly [12] . Tai Chi originated from an ancient Chinese martial art consisting of a series of slow but continuous movements of every body part. Investigation of the effects of Tai Chi on physical health indicated that the most popular style among the many Tai Chi styles is the Yang style. [12, 13] Yang style demands constant knee flexion, wide stance width, and a steady slow speed.
Qigong is similar to Tai Chi training but has a different style of performance. Qigong originated from a self-management healthcare technique and combines aerobics, isometrics, isotonics, meditation, and relaxation. In our study, dynamic qigong training (Floor 6-style and Shaolin internal qigong) was used as the qigong practice. Unlike Tai Chi training, qigong practice does not always involve a series of movements conducted in a standing position. Therefore, trainees can choose and perform each movement or posture independently. Each performance in qigong practice is much slower and simpler than Tai Chi. Therefore, we believe qigong practice is suitable exercise for beginners or appropriate low level physical activity for the elderly.
Both osteoporosis and falls cause serious problems associated with femoral neck and vertebral body fractures. A regular exercise intervention program and a Tai Chi program reduce the risk of falls mainly by enhancing physical function in the elderly [9, 12] . The 12-week program here positively influenced physical function, such as walking ability, balance, and rising. Therefore, the qigong and aerobic exercise program might prevent falls in the elderly.
In the elderly, aging decreases physiological status and response to various forms of training. However, regular exercise improves physical activities in those over 70 years of age [9] . Our finding that qigong and aerobic exercise significantly improved physical function in elderly individuals over 70 years of age is supported by previous results. Daily moderate or high-intensity exercise substantially reduces body fat [20] [21] [22] [23] . Regular moderate exercises, even when not associated with weight loss, reduce serum triglyceride and abdominal subcutaneous and visceral fat in both middle aged and elderly obese subjects with insulin resistance [20, 23] . Furthermore, such exercises also increase lean body mass and total skeletal muscle [20, 23] . The qigong and aerobic exercise program here was associated with a reduction of fat mass and an increase of lean soft tissue without significantly changing subtotal body mass, although the intensity of qigong and aerobic exercise seems to be much lower than regular endurance training that can reduce body fat and increase lean body mass. The 12-week exercise program was associated with a decrease of subcutaneous abdominal fat but not visceral abdominal fat.
Loading influences bone mass, micro-architecture, and size throughout life [24] . Bone mass is continuously lost from 25-30 years of age [24] . Exercise (loading) appears to be important for maintenance of bone mass during aging. However, reported effects of exercise on prevention of bone loss have not always been consistent [25, 26] . A review article [26] presented the positive effects of exercise training programs for prevention of bone loss in pre and Data are means ± SD * P \ 0.05 vs. baseline, # P \ 0.05 vs. 60-69 years group at baseline or post-intervention 23.4 ± 3.7 24.4 ± 3.5
Data are means ± SD postmenopausal women, but another study [26] did not support the effects in pre-menopausal women. The qigong and aerobic exercise program did not alter the BMC in the trunk, arms, legs, or subtotal body during the 12 weeks. The BMC results in this study suggest that our 12-week qigong and aerobic exercise program in elderly women did not have a positive association for prevention of bone loss. In our second study, similar to the qigong and aerobic exercise program, the program of qigong exercise alone demonstrated positive changes on physical function in elderly women. We could not find any significant differences in age, anthropometric features, or physical function at baseline between the two groups. Thus, we believe that the two groups (''the qigong and aerobic'' group and ''qigong alone'' group) were divided evenly, although the participants in the study were not assigned to groups randomly but according to their residences.
In the first study, the 12-week qigong and aerobic exercise program was associated with improvements in physical function and a reduction in body fat in elderly women. However, it was unclear how much each exercise (''qigong'' or ''aerobic'') contributed to the positive changes during the 12-week program. The optional aerobic exercise programs offered once a week might have positively influenced physical function and body fat. However, the 12-week program was mainly composed of qigong exercise, as was the daily home qigong practice. In the second study, the qigong exercise alone positively influenced physical function similar to the combined qigong and aerobic exercise program. Still, we believe that the qigong practice was largely responsible for the association with improvements in physical function and a reduction of body fat observed in the elderly women.
The qigong and aerobic exercise program was well received overall. There were no accidents such as falls or aggravation of symptoms during the different sessions of the 12-week program. Ninety-five percent of the participants who completed similar exercise programs in our other studies (n = 105) indicated in their exit questionnaires that they would continue the qigong practice at home or participate in the session program.
Physical activity programs designed for the elderly should always be cardiovascularly safe. We did not record physiological signals to monitor cardiovascular function such as blood pressure or heart rate during the qigong training. However, the qigong training in this study appeared to have a low risk of causing cardiovascular problems because of its unique training style and slow whole-body performance with natural breathing.
Controlled trials investigating qigong programs without any optional exercises are needed to confirm the positive changes found in this exploratory study. The safety of the program with regard to cardiovascular function during training must also be demonstrated. Follow-up studies should also be conducted to determine if the positive changes in physical function and body fat can be sustained over time in the elderly.
Conclusion
The findings of this exploratory study demonstrated that a 12-week qigong and aerobic exercise program was associated with improvements in physical function and a reduction in body fat. The qigong exercise program alone positively influenced physical function. The qigong program appears to be an appealing means to improve the physical health of elderly persons. 
